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Summary 
Demograph ic parameters and their s tandard errors have been estimated 
fo r fema les of Ceratiti s cap i t a t a (Wied . l at 31 .28,25 ,22 and 19ºC . 
Highest mor t al i t i e s were obta ined during the l arva l stage and, 
gene r a l ly , t he l owes t mor t al i ties ocu rred at 22º C. Intrin s i c r a t e of 
i nc r ea s e (rJ va r i ed from 0 ,103 at 19ºC to 0, 237 at 31º C. The l onge s t 
mean generation time (T I r an ged from 22 ,97 day s at 31º C to 55,57 days 
at 19ºC. The h i ghe s t net r eproductive r a t e (Ro = 308, 72 daysJ was ob­
ta i ned a t 19º C. 
A new ma t hema t i cal methodology to estimate demogra phic parame ­
te rE and t heir standa rd errors is reported. 
l . Int ro duction 
Du r i ng t he l a s t ten years it has been pointed out the signi f i cance of 
biologic a l studi e s on the species of econom i c importance i n order to adqu i 
re a ba sic scientif i c knowledge of the ins ect pes t (5 1 . So,it wil l possi~e 
to app ly the dif f e r en t pr ogr amme s and techn i que s wi th a n adequate l evel of 
ef f i e i ency . 
Cera t i t is capitata (Wi ed . l i s a h igh ly destructive pest i n the med i t~ 
rranean basi n . I n Spa in the direct and i ndirect d~ma ge is nearly 1% of the 
citrus f ru it produc t i on . However, as Carey po in t ed out , litt le work has been 
cone on t he demography of th i s spec ies (3 1. Rossler used the net reproduc­
tive r a t e and the generation time for determinating the qua lity of l a b- re ~ 
red fruit f l i es (13 1. In other ca s es ,more extensive s t ud i es ha ve be en don~ 
tut rega r d i ng one specific tempe r a t ur e (3 .4. 151 ¡howeve r , e r r or s of suc h a 
~aramete r s , a very important top ic in sta ti s t i cal works, we r e not i ncl uded. 
Usi ng data from ear l ie r s t ud i e s on daily r epr oductive activity of 
Ceratit is at var i ous experimenta l conditio ns ( 12 1, we repor t here a new ma ­
themat ica l met hodol ogy and so rne r esult s on the demography of thi s insecto 
In this manne r .we collaborate to inc r ease the ba sic knowledge of this ma­
jor pest in many t ropica l and s ubtropica l countries . 
<. Mater ia l and me t hod s 
2 . 1 . Labo r a t ory me t hodol ogy 
In t he bef or e ment ioned stud i e s .one day old mal e s and females of the 
~ed fly were removed f ro m a ve ry well ad ap t ed popula tion to l ab rearing 
condi t i ons and th en we r e i nt r oduced in s pecia l ly designed cage s wi t h adu lt 
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f ood and water.at t he rate of one coup le pe r ca ge (9,10 ) Eac h cross was 
c~rr i e d ou t i n 20 re pl i ca tes cons i s t i ng of 1 ma le an d fe mal e each f o r a l l 
environmenta l conditions of thiE wor k . 
Eggs were col1ected on ce dai ly and t r-ansfe r-r-ed to a Petri dish i n the 
bottom of whic h ,a b lack fi lter pap e r was p l a ced in order to ma i nt a i n an 
op tima l l eve l of moi s ture. Neonata larvae we r e da i ly s eeded i n via l s (5 cm 
di a x 9 cm . long ) containing 5 grs of a new larval diet ( 1 . 11 ) and provi ­
ded with a porous stopper to ge t an adequate aera t ion. 
The follo wing data we r e da ily collec ted : Ovi position .egg ha t ch . l a r va l 
deve l opment time . pupal and adult produ c tion,mor t ality of egg s ,l a r vae,pup ae 
and adu lts ,sex segregat ion of the newly emer ged adu lts and longevity of f~ 
males . I n th is study food was un lim ited and there were no mor t a l ity fac­
tors othe r tha n ph i s i ologi ca l one s . 
2 2. Mathemat ical methodo logy 
For the sake of s í mpl í c i t y . we assume tha t a l o t of indi vidua ls ine r ea 
ses or dec r ea ses with an i n t r i nsi c rate (r) of inc rease, positive 0r nega­
ti ve. The dete r ministic mode l is 
r T Nt = No·e
where Nt is the number of individua ls at t i me ~. We are also as sumed that 
adu lt fema l e populations of Cera t itis have reached a stab l e age d i s t r ibu­
tion; sO ,if a su eh population is divided into c l a s s es , aeor d i ng their age, 
ea ch of them has its own growing l aw,b u t t he proportion be t ween the nu m b~ 
of i nd i vidual s of t wo dif f e r en t el a s se s is a cons t an t . 
Now,let Bt the number of emergencie s per un i t of time i n the (O, t) 
interva l o The bi rth rate in the population i s 
;:\ = Bt / Nt 
Furthe r more,i f Px i s t he pr obabili ty of survi ving t o age ~, th e propo r t i on 
of ind iv iduals,aged between x and x+1 in the stab le popu lation is 
Bt-x Px :: ;>' PxNt_x =). p e-rx 
ex = N x 
Nt t 
Thu s , I. cx=l and then A = 11 1:: pxe -rx (1 )
 ~ x
 
The death rate is defined by
 
JL =~-r ( 2 ) 
Al so,if mx i s the me an numbe r- of female off spring pr oduced i n a un it of 
time by a female aged ~ .t hen 
Et = 1:: Ntcxm = A Nt L. pxmxe-rx, s o thatxx x 
rx L pxmxe - :;(11,;\ ) . (Bt / Nt) or 
... 
L Pxmxe - r x = 1 (Lo tka equ a t i on l (3 ) 
" 
As Birch pointed ou t (2 ),usua l met hods of ca lcu lation of r may be 
found in Dublin and Lotka (6 ) or Lot ka ( 7). However,these con vent iona l 
ca lcu l ations don' t offe r adequa t e sol uti ons for high value s of this para ­
me t er . We have pr efe r r ed to sta r t f r om t he f o llowi ng init i a l val ue : 
ro = 1 ' ln Nt+1 
n 'e Nt 
152 
whre t he sum i s exte nded to a suff i c i ent number of day s (n = 3w ) ; wi s 
t h extinguishe d t ime. So,i t wi ll pos s i b l e to esti mate t he s t andard errors 
úf r ,as wc do l a t e ro 
Fr om (3),we de r i ved the recur r ent equa ti on : 
r i.1.1 = l n[~ pxmxe-ri (x-t)J 
_Tb pro c e~ is fi nished when one of t he foll owi ng condit i ons resu lts:
 
a) The abs ol u t e value of two co ns ecu t i ve t e r ms , r i and ri+1 , is le s s
 
than S.10-6 ,in which case we take r = r i ' 
b l I ril~S.1 0-6 and sign r i 1: sign ro' In t hi s case r = ro ' 
c) I f the number of i te r a t i ons i s greate r than SO ,then r = r SO' 
We have cons ide r ed t hat E i s t he basi c parameter , so tha t ,b oth,the 
men gene ra t ion t ime (T) a nd t he ne t rep ro ductive r a t e (Ro) are f unctions 
of r . The f o r mer is de f i ned a s TF + TG 
T :----- \ 4 ) 
2 
whre TF = 2: xpxmx/ ¿ Pxmx and
 
" "
 TG = 1 xpxmxe -rx/2: 
" " 
Last expres io ns a r e tne ag e or femal e s at time in which they pr oduce 
féa le of fs pring . 
Net re producti ve rate is t he fac tor by which one gene ra tion i s mul­
tili ed t o obta i n the next one: 
" r-T (S)Ro= Nt+1/N t = e 
I npart i cul ar , for T=l , expr e s sion (5 ) i s known as finite r a t e of inc r ea se. 
The method of ca lcu lat i ng 1'0 a l l ows us to esti mate t he standa r d e rro r 
(S) of r : 
Vvar tr )SE(r ) := 
n 
Ta ing deri va t e s i n (4 ) an d (S ) wi t h respect t o r .we obta i ned t he s t an da rd 
ero r of T and Ro: SE(T) dT/dr SE(r): SE(Ro ) = Ro I T .1. r(dT / dr )! SE(r ) 
--whr e : -(j; xpxmxe - r x )2 2p r x]dT/d r =------ - L x m e­x x x 
2 I pxmxe- rx L pxmxe- r x 
x " 
l 
Lnl i ke manne r, f r om (1) a rid (2):
 
5E( /I ) =A 2~ xpxe- r x . SE(r)
 
A ·r ogr arnme named TYVI was wr i t te n i n FORTRAN I V l anguage to e s tima t e r ,T , 
Ro), and fl- .a s well as t he i r standa r d e r- r-or s vFor- t~i s pu r pos e ,it i s ,:e ­
ce s ary to know the dai ly emerge nce r a te an d mor t a 11ty In t he (x ,x.1.ll I n­
teval. 
3 . Resu l ts an d discus s i on 
lIi ghest mor tali ti e s of S4, 42, 40, 33 and 40%,for 31 ,2 8, 2S,22 and 19QC, 
repec t ively,we r e obtained duri ng t he l a r va l stage (Table 1 ) . Lowest mor­
t ai ti es ocu r red during t he pupal stage ,except f o r 19QC;A t this tempe r atu­
reegg mor t al i t y was 48% and l a r val mor t al i ty was 40%. 
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Tabl e l. Life tabl e of Ceratit is capi t a t a (Wi ed. l. ( 12 12 hrs L : nI 
Exper imen tal 
condi tions x 100qx 
Gen.mort . 
( % I 
T: 31 
RH : 73 
+ lºC 
+ 3% 
Egg 
Larvae 
Pupae 
Adult 
1179 
877 
401 
341 
302 
476 
60 
25,61 
54, 28 
14,96 
25 ,61 
65 , 99 
71,08 
71,08 
T: 28 + 1º C 
RH: 67 + 2% 
Egg 
Larvae 
Pupa e 
Ad ult 
1340 
1071 
619 
595 
269 
452 
24 
20,07 
42, 20 
3 ,88 
20 , 07 
53 ,8 1 
55 ,60 
55 , 60 
T= 25 
RH: 57 
+ 1º C 
+ 4% 
Egf'. 
Larva e 
Pupae 
Adul t 
1731 
1193 
718 
702 
538 
47 5 
16 
31 , 08 
39,8 2 
2 ,2 3 
3 1, 08 
58 ,52 
59 ,45 
59,45 
T: 
RH = 
22 + 1ºC 
67 + 4% 
Egg 
Larvae 
Pupae 
Adult 
1831 
1337 
890 
879 
494 
447 
11 
26 , 98 
33,4 3 
1,24 
26 , 98 
51, 39 
51 , 99 
51,99 
T= 19 + 1ºC 
RH : 78 + 3% 
Egg 
Larvae 
Pupa e 
Adul t 
1777 
922 
557 
520 
855 
365 
37 
48,11 
39,59 
6 ,6 4 
48 ,11 
68 ,66 
70 ,7 4 
70 ,7 4 
X : Stage of life cyc le; l : Number l i v ing a t beg inn ing of s tage in the x 
co l umn ;d= Number dy ing withi n stage In the x co l umn; 100qx : Pe r cent age mo~ 
tality of the stage i n the x co l umn ;sx : Percentage mortal i ty of the gene­
ration after stage in the x co l umn .Gen .mor t . : Generati on mortality. Sym­
bols given by Micinski et al.( 81. 
Generat i on mortal ity (egg t o adult) varied from 71% a t 31º C and 19º C 
t o 52% at 22 ºC. Note tha t , i n ge ne ra l, t he l owe s t mortal i ti e s we re obtained 
a t 22ºC . At thi s tempe ra t ur e and 67% RH we obta ined the optimal reprod u ct~ 
ve parameters of t hi s i ns ect ( 121. I n thi s Table, the numbe r li ving are r~ 
f e r r ed to the mean t otal pr odu ction in ea ch stage and are related to the 
whole fertility period of f ema l e s . 
Table 11 sh ows the values of the various demogr aph i c parameters and 
their standar errors. The hi ghest intrinsic rate of increa se was obtained 
a t 31ºC with the sh ortest mean generation time,but the sh ortest net repro­
duc t ive rateo The h i ghest net r eproductive rate was obta ined at 19ºC. 
Values of the s e pa r ame t ers at 25ºC and 57% RH are s i mi l a r to those r~ 
·z ported by Ros sler (1 3) an d Carey (3) with data taken f rom Shoukry and Hafez 
(1 4). This fa c t is a re sult o f the different methodol ogy an d lab-rearing. 
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Expe riment al 
cond i t i ons 
-­
T"' 31 .L l º C 
RH "' 73 + 3% 
In t rinsi c rate 
o f bi r th ( /. ) 
0 ,272 + 0 ,015 
( 12 : 12 hrs. L : D reg ime; Mean = SE) 
In tr. rate Int r . rate of Fin i t e rate of 
of dea t h t u ) inc rease( r ) i ncr-ea se I e r ) 
0 ,035 + 0 ,003 0,237 .L 0,012 1,27 = 0,015 
Mean genera­
tion time (T ) 
22 ,97 = 0,35 
Ne t reproducti -
ve rate ( Ro) 
233,15 = 6 1 ,82 
T= 
RH = 
28 
67 
+ l ºC 
+ 2% 
0,262 = 0 ,013 °, 034 = 0,002 0 ,228 = 0 ,011 1 , 26 = 0,014 25, 12=0,43 306,69 + 81,89 
--" 
U1 
U1 
T= 25 + 1 ºC 
RH= 67 + 4% 
-_._-­
T= 22 + l º C 
RH = 67 + 4% 
0,236 = 
0, 16 9 .± 
0 ,015 
0 ,007 
0,025 
0 ,015 
= 0 , 003 
+ 0 , 001 
0,2 11 
0, 154 
= 
= 
0,012 
0,006 
1 , 24 
1 ,17 
= 0,015 
+ 0, 007 
26,64 .± 0 ,42 
36 ,34 + 0,5 0 
277 , 59 
2 74,0 1 
+ 88, 99 
+ 61,90 
T= 19 
RH= 78 
+ lºC 
+ 3% 
0,109 = 0, 004 0, 005 = 0 , 0004 0 , 10 3 = 0,004 1 ,11 = 0, 0 04 55 ,57 = 0 , 6 2 30 8, 72 = 60 ,42 
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